The selective bacteriostatic activity of gentian violet is now a well established fact. If bacteria be exposed to this dye and planted on plain agar all the commoner Gram-negative organisms grow as well as the controls, while all the commoner Gram-positive sporebearing aerobes are "killed" even by a relatively short exposure to the dye. What is true of gentian violet is also true in greater or less degree of other basic dyes of the triphenylmethane group.
It is now found that a cleavage in exactly the opposite sense occurs if bacteria be exposed to acid fuchsin. Whereas gentian violet kills the Gram-positive spore-bearing aerobes and spares the commoner Gram-negative organisms, acid fuchsin spares the former and kills the latter. In the present paper the experimental evidence on which this statement is based will be presented and the significance of the observation discussed. It will be noticed that though in the case of gentian violet a fairly complete parallelism between the Gram reaction and the gentian violet reaction has been established, in the case of acid fuchsin the reverse selective activity has been demonstrated only as between Gram-negative bacteria and aerobic sporebearing Gram-positive organisms. Nothing will be said of the effect of acid fuchsin on non-spore-bearing bacteria.
The term reverse selective activity is used in this paper to indicate a bacteriostatic property whose selective feature is the reverse of that of gentian violet. Since this dye was the one first studied its behavior is arbitrarily defined as normal; and a dye which exhibits a reverse selective activity is, therefore, one which kills Gram-negative bacteria and spares Gram-positive. 5 drops of a saturated aqueous solution of acid fuchsin were added to 20 drops of the bacterial suspension. Much less of the dye than this would doubtless have sufficed. The dilution used gave constant results and since selective activity was being studied exact quantitative determinations were unnecessary. Gentian violet exhibits its selective activity if the stain is applied at room temperature. But I have shown that slight increases in temperature greatly augment the bacteriostatic effect of dyes.' For this reason the experiments with acid fuchsin were done at 45C. Long exposure to this dye at room temperature is sufficient to bring out its reverse selective activity but a slight increase in temperature makes it sharper and quicker. Fig. 1 represents an experiment of the sort just described, done with acid fuchsin (a) and magenta (b).2 The organisms used were I Churchman, J. W., Bull. Johns Hopkins Hosp., 1922, xxxiii, 227. 2 Magenta is a basic triphenylmethane dye similar in chemical structure to gentian violet and possessing a normal selective bacteriostatic activity. The reason that magenta rather than gentian violet was used in these experiments will be made clear in discussing the chemical significance of the observations. The result of the experiment is exactly the same whether magenta or gentian violet be used. However, since the latter is absolutely constant in its behavior it, rather than magenta, whose action may vary slightly, should be used for the kind of isolation experiment here described.
Bacillus coli and Bacillus anthracis. It will be seen that the selective activity of acid fuchsin, which kills Bacillus coli and spares Bacillus anthracis, is the reverse of that of magenta, which kills Bacillus anthracis and spares Bacillus coli. Identical results were obtained in a study of all the other organisms mentioned above.
One should, therefore, be able to isolate, from a mixture of the commoner Gram-negative bacteria and the commoner Gram-positive spore bearers, either organism desired, by exposing the mixture to magenta or acid fuchsin. This can, as a matter of fact, be readily done. Fig. 2 represents such an experiment. The plate shown in Fig. 2 , a has been stroked with a mixture of Bacillus prodigiosus and Bacillus megatherium which has been exposed to magenta; the Grampositives have been killed and a pure culture of Bacillus prodigiosus results. The plate shown in Fig. 2 , b has been stroked with the same mixture after exposure to acid fuchsin; Bacillus prodigiosus has been killed and a pure culture of Bacillus megatherium results. A photomicrograph of a smear from the mixture used is shown in Fig. 3 . A smear from the plate in Fig. 2 , a is shown in Fig. 4 and one from that in Fig. 2 , b in Fig. 5 . The purity of the two cultures is evident.
The experiments described above were done with the ordinary acid fuchsin which is an acid sodium salt having the formula shown below.
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In order to be sure that the reverse selective activity was not due to the sodium the experiments were repeated, with the trisulfonic acid salt of rosaniline 3 which contains three free SOs groups and no sodium. This has the following formula.
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This substance had the same selective activity as the sodium salt. The activity of the ordinary acid fuchsin is not, therefore, due to sodium.
Reverse Selective Activity of Allied Sulfonated Substances.
If the formulas of acid fuchsin, in its sodium-free form, and magenta be compared it will be seen that they differ only in the presence, in the acid fuchsin molecule, of SOs groups.
Acid fuchsin (sodium-free).
Magenta.
CH,
Indeed magenta, or basic fuchsin, was manufactured before acid fuchsin was known and acid fuchsin was prepared from it by a simple process of sulfonation. Since the two dyes are, with the exception of the SOa groups, identical, and since they have, so far as the sporebearing aerobes and Gram-negative organisms are concerned, exactly opposite effects, it was natural to inquire whether the SOa radical was responsible for the reverse selective activity of acid fuchsin. This subject was investigated by a study of the action on bacteria of allied substances containing sulfonic acid groups.
Sulfanilic Acid.-
So 3 H
This substance behaves, in the respects under discussion, exactly like acid fuchsin. An experiment contrasting the behavior of Bacillus prodigiosus and Bacillus megatherium toward sulfanilic acid with their behavior toward gentian violet is shown in Fig. 6 . Sulfanilic acid (Fig. 6, a) has killed the Gram-negatives and spared the Grampositives; gentian violet has done the reverse (Fig. 6, b) . And the following substances behave similarly.
Chromotropic Acid.-
HOS SOaH
Sodium Ethylsulfonate.-
If the results just cited be taken together the temptation is strong to interpret the reverse selective activity as due to the presence, in the substances mentioned, of the S03 group. Such a diagram as that represented below (some of the sulfonated substances studied have been omitted from the diagram on account of lack of space; if all were represented the implication would be even clearer) suggests this possibility strongly. It is particularly interesting to accept this hypothesis for the moment and to remember that addition of the sulfonic acid groups not only makes the basic triphenylmethanes more toxic for Gram-negatives but less toxic for Gram-positive sporebearing aerobes. A general impression obtains, based on considerable experimental evidence, that the addition of SO 3 radicals greatly diminishes the toxicity of substances which injure protozoa. If these facts be taken together might they not indicate that the sporebearing aerobes are chemically more nearly related to protozoa than Gram-negatives are? Diagram to show the selective affinity of the SOS group for the Gram-negative bacteria. The rod on which the dotted lines converge represents Gram-negative bacteria, which are killed by all the substances whose structural formulas are given. The only radical common to all these is the SOs group.
Whether the phenomena noted be due to specific chemical affinities or not it seems impossible to escape the conclusion that the presence of the SO 3 radical in acid fuchsin and related substances is intimately concerned with the reversal of their selective activity. But there may well be other radicals which behave similarly. For example, ethyl sulfate ((C 2 H) 2 SO 4 ) acts like the substances mentioned, as do also ponceau F R (an acid dye wholly unrelated in chemical structure to acid fuchsin) and saturated sodium chloride.
Parallelism between Bacteriostatic and Bactericidal Properties.
It has been shown in previous publications 4 that gentian violet behaves in exactly the same way toward bacteria whether the organisms be stained with it before planting them on plain agar, or the dye be present in the media on which they are planted unstained. If Gram-negatives be stained with gentian violet they are unaffected; if Gram-positives be stained they are killed. Similarly, Gram-negatives will grow well in media containing the dye; Gram-positives will not grow when it is present even in small amounts. The natural assumption was that bacteriostatic and bactericidal properties always run parallel. This assumption is so generally accepted that the bactericidal properties of substances are usually tested in the laboratory by experiments which really test only bacteriostasis. If a chemical is found to prevent the growth of a bacterial species it is taken for granted that it will kill the organism. The experiments with acid fuchsin not only prove that this is by no means the case, but they also show that, as regards the selective feature, bacteriostatic and bactericidal properties may be the exact reverse of each other. Acid fuchsin, for example, kills Gram-negatives and spares Grampositive spore-bearing aerobes; but when present in the media on which they are planted, unstained, instead of inhibiting the Gramnegatives and being without effect on the Gram-positives it does just the opposite, sparing the Gram-negatives and inhibiting the Grampositives. It behaves in media, that is to say, just as gentian violet does, though from the experiments described above we should expect it to behave in opposite fashion. A substance, therefore, which "kills" an organism, when added directly to it, may have little or no power to inhibit its growth, when present in the environment in which it is growing. The significance of these observations for the laboratory studies of chemotherapy is obvious, but its discussion is reserved for a subsequent publication.
Explanation of the Reverse Selective Activity of Acid Fuchsin and Allied
Sulfonated Substances. 1. Penetration.-The simplest explanation for the behavior of gentian violet and acid fuchsin toward bacteria is that the whole process is simply one of selective penetration. So long as only the facts as to gentian violet were known there was much to be said for this hypothesis. Gentian violet certainly penetrates Gram-positives, which it kills, more readily than Gram-negatives, which it does not kill-penetrates, that is to say, the living organisms, for tests of its staining power on fixed smears are of no value in this connection. But the observation of the reverse selective action of acid fuchsin together with certain other facts proves that penetration is at least not the whole explanation.
(a) Gentian violet kills spores although it penetrates them little if at all.
(b) It is true that gentian violet penetrates Gram-positives more readily than it does Gram-negatives. But by longer exposure it may be made t6 penetrate the latter and these organisms grow even when deeply stained. This may be proven beyond question by picking out deeply stained Gram-negatives by the Barber single cell technique and planting them on plain agar.
(c) While gentian violet is, under the ordinary conditions of experiment, non-toxic for Gram-negatives it may be made toxic for them by slight increases of temperature although it is impossible to demonstrate that they are any more deeply stained than the organisms exposed to the dye at room temperature.
(d) Acid fuchsin also penetrates Gram-positive spore bearers almost as readily as it does Gram-negatives. Yet it kills the latter and spares the former.
(e) Penetration does not, therefore, entirely account for the behavior of these dyes unless we interpret penetration to mean, not merely arrival of the dye within the bacterial membrane, but its arrival at some particular portion of the bacterial body concerned with reproduction-a procedure which could not be made out with the microscope and which it is difficult to separate in thought from chemical affinity. It must, however, be remembered that when we speak of penetration by a dye we usually think of penetration by the colored portion of the dye since this is the only portion we can see. It might well be that the effective portion of the acid fuchsin molecule (let us say the S03 radical) penetrates Gram-negatives readily and kills them even though they are not stained, that is penetrated by the visible portion of the dye.
2. Chemical Afinity.--That the reverse selective activity of acid fuchsin is in some way connected with the SOs radical in its molecule is strongly suggested by the experiments. The action might depend not so much on the presence of the sulfonic group as on the method of its bonding, though it is exhibited by substances like chromotropic acid, in which the S03 group is firmly attached, as well as by substances like sulfonic acid, in which the bonding is very weak.
It is, however, well known that physical chemists are moving away from the ready explanation of phenomena of this sort on a purely chemical basis and are tending more and more to regard them as physical in nature.
3. Method of Ionization.-The method of ionization of the two groups of dyes whose action has been studied may explain their behavior. It is suggestive that one group is basic and the other acid. If this kind of explanation is the correct one it must be that Grampositive spore bearers and Gram-negatives differ in their H ion concentration. This question is now under investigation. A new avenue of approach seems to have been opened up for a study of the cause of the fundamental difference between Gram-negative and Grampositive organisms. SUMMARY. 1. Acid fuchsin possesses a bactericidal power, selective as between Gram-negative and Gram-positive spore-bearing aerobic organisms. The selective feature is the reverse of that of gentian violet.
2. This reverse selective activity is also possessed by simpler sulfonated substances and would appear to be dependent in some way on the presence of SO 3 radicals.
3. Selective penetration, if at all concerned in the behavior of gentian violet and acid fuchsin toward bacteria, must play a very minor rle.
4. In the case of gentian violet the power to kill organisms and the power to prevent their growth run, so far as the selective feature is concerned, parallel. In the case of acid fuchsin, the bacteriostatic and bactericidal selective features do not run parallel.
5. Bacillus pyocyaneus, an organism resistant to gentian violet, is quite susceptible to acid fuchsin. This organism is the cause of annoying and persistent infections in wounds. The observations on the effect of the sulfonated substances may give a lead as to the control of these infections.
EXPLANATION OF PLATES. 
